of biochronostratigraphical importance for the subdivision and correlation of the basal Bathonian Zigzag Zone. Pavia et al. (2008) revised new information on the ammonoid biozonation in the Bas Auran area. Fernandez-Lopez et al. (2009a) formally proposed the Rabin du Bes Section as the GSSP of the Bathonian, and synthesized the regional bio chronostratigraphical scales available for the Bajocian Bathonian boundary. The Bathonian GSSP in the Ravin du Bes Section was approved by the International Commis sion of Stratigraphy (ICS) in June 2008 and ratified by the International Union of Geological Sciences (lUGS) in July 2008 (Fernandez-Lopez et al. 2009b) . The aims of this study were: (1) to provide a revision of the genus Franchia proposed by Sturani (1967) based on the syntypes and new specimens from south-east France, giving emphasis to the dimorphism of Zigzagiceratinae and its possible phyletic relationships with Leptosphinctinae or Bigotitinae; and (2) to interpret the palaeobiogeographical patterns and evolutionary trends of the oldest Zigzagicera tinae. The main new contribution concerns the phylogenetic relationships between Early Bathonian lineages of Zigzagi ceratinae and the origination of the clade.
SPECIMEN REPOSITORY AND ABBREVIATIONS
Institutional abbreviations. The material described herein is housed at the collection of the Museo di Geologia e Paleontologia, Universita di Torino (Italy), currently stored in the Dipartimento di Scienze dell a Terra. Speci mens are marked with the acronym PU and a sequential registration number. Source of sampling, section and bed number indicated by abbreviations: BA, sections of the Bas Auran area (lithostratigraphical column of Sturani 1967) ; RB, Ravin du Bes Section; RA, Ravin d'Auran Sec tion; RR, Ravin des Robines. The specimen from Dharma, Saudi Arabia, of Figure 19 , is housed at the Claude Bernard University of Lyon (France).
Remarks. The subfamily Zigzagiceratinae comprises micro-and macroconchs of small to large size (generally 30--600 mm), planorbicones to discocones. The whorls increase by segments between more or less marked pseudoconstrictions or constrictions. Depressed whorl section on the inner and middle whorls becomes rounded elliptical and more compressed on the outer whorls. The subfamily is mainly characterized by pseudo coronate early whorls that may be followed by a peri sphinctoid stage, with blunt, bifurcate or trifurcate costae, lacking smooth band or groove on external region. The pseudocoronate stage, so-called zigzag-sta dium or zigzag-ornament, may be wmposed of parabolic nodes, parabolic ribs, constrictions or pseudoconstric tions, megastriae, sigmoid ribs of greater strength up flank, and sharp ribs of variable strength and spacing (d'Orbigny 1846 (d'Orbigny in 1842 (d'Orbigny -1851 , fi gs 9-11; Sie miradzki 1898-1899; Buckman 1920 Buckman in 1909 Buckman -1930 Arkell et al. 1957; Arkell 1958 Arkell in 1951 Arkell -1958 Sturani 1967; Hahn 1969, pI. 2, figs 3-5, pI. 9, fi g. 3; Mangold 1971; Torrens 1987) . These ornamental features are due to resorption of the shell or local perturbation of the apertural growth field controlling the coiling and fur ther growth of the shell during early-ontogenetic, imma ture or preadult growth stages Hammer and Bucher 2005; Doguzhaeva 2012) . The evolu tionary appearance of a new morphological feature in early ontogeny, such as the so-called zigzag-stadium, is a characteristic of the multiple phyletic lineages of Early Bathonian Zigzagiceratinae, distinguishing them from those of Leptosphinctinae and Bigotitinae. This criterion also corroborates the dimorphism of each phyletic lineage and allows the development of a primarily phylogenetic classification (Callomon in Donovan et al. 1981; Mangold 1988; Fernandez-Lopez et al. 2007 ).
The subfamily Zigzagiceratinae is known in the Tethys Panthalassa Realm, mainly from the Bathonian. In Eur ope, it is a common component of Lower Bathonian assemblages (Mangold 1997) . In North America, members of this subfamily are known from deposits of the Upper Bajocian -Lower Bathonian transition as relatively scarce components of certain ammonite assemblages (Wester mann 1992; Evenchick et al. 2010 ). Very scarce records are known from Iran, Saudi Arabia, Chile, Argentina and Russia (Seyed-Emami et al. 1985 Poulton et al. 1992; Groschke and von Hillebrandt 1994; Riccardi and Westermann 1999; Beznosov and Mitta 2000; Sey et al. 2004; Enay et al. 2007; Shams and Seyed-Emami 2010) . The stratigraphical distribution of the oldest genera of Zigzagiceratinae in Bas Auran area (Ravin d' Auran and Ravin du Bt�s sections) is shown in Figure 2 .
The diverse ontogenetic patterns of lateral ribs and me gastriae in the zigzag-stadium among Early Bathonian Mediterranean-Caucasian zigzagiceratins correspond to an ordered multistate character that may be coded in the following three categories: 1. Zigzag-state 1: shortly developed in the nucleus up to a few mm in diameter, composed of proradiate to subradiate, straight to slightly bent ribs of variable strength and spacing (e.g. present in Procerites and Siemiradzkia; Fig. 3; Sturani 1967, pI. 18, fi g. 3; Hahn 1969, pI. 4, fi g. 4, pI. 9, fi g. 4 Arkell 1958 Arkell in 1951 Arkell -1958 Hahn 1969, pI. 2, figs 3-5, pI. 9, fi g. 3 
��.
• Pavia et al. (2008) . Standard chronostrati graphical zonation from Pavia et al. (2008) and Fernandez-Lopez et al. (2009a, b) . For location of sites, see Figure lB .
ing to the biochronostratigraphical information obtained in French Subalpine, Iberian and Lusitanian basins (Fig. 2; Fernandez-Lopez 2000; Fernandez-Lopez et al. 2007 , 2009a Pavia et al. 2008 ), these ontogenic modifica tions of zigzag-states in Early Bathonian zigzagiceratins of the western Tethys represent successive, derived or apo morphic conditions (Gould 1977 (Gould , 2002 Dommergues et al. 1989; Dommergues 1990; Landman et al. 1991; Davis et al. 1996; Guex et al. 2003; Guex 2006) . There fore, these three early ontogenic, zigzag-states identified in the clade Zigzagiceratinae represent chronostratigraphi cally successive, apomorphic structures, for simplicity respectively characterized by: (1) straight ribs of variable strength; (2) sigmoid ribs of variable strength and spac ing; and (3) distant, sharp, parabolic ribs.
On the basis of the syntypes of Franchia studied by Sturani (1967) and new specimens from south-east France, as well as a specimen from Saudi Arabia men tioned by Enay and Mangold (1994, Enay et al. 1987) , seven species and three genera are described and inter preted below, belonging to Franchia, Protozigzagiceras and Megazigzagiceras. The genera of Zigzagiceratinae men tioned in text are listed in Table 1 . Genus FRANCHIA Sturani, 1967 Type species. Zigzagiceras (Franchia) arkelli Sturani, 1967 (p. 52, pI. 16, fig. 5, pI. 18 Pro"rit<, Siemindzki. 1898 [type. Proc<rit" pro,,,,,, Schloenb.ch. 1865 SD Buclan..,. 1914 (lCZN opinion 301)]
[-SiemiraMia Hy>tt. 1900 . p. 582 (type, Ammonit<, ha"ria, d'Orhigny. 1847 OD) ] Zipagi"ra, Buclanan. 1902 . p. 7 [typ<. Ammonit<, zitzal( d'Orhigny. 1846 ; OD] [-Proc<r""pg Arkdl. 1953 . p. 37 (typ<. Zigzagi'''' '' cra"izitzal( Buclanan. 1892 OD) ] Wagmri"ra, Buclanan. 1921 . p. 33 [typ<. Ammonim wagmri 0Wd. 1857 ; OD] Zipagim Budanan. 1922 . pI. 301 [type. Zipagim imitalor Budanan. 1912 ; OD] Fran,hia Sturani. 1967. p. 32 [type. Franchia ar"!!i Sturani. 1967 ; OD] Epizigzagi"ra, Frebold. in Frebold 8< TiW'" 1973 . p. 1119 'p<. Epizipagi"r", . ... olulum Frebold. 1973 ; OD] Prorozipagic<ra, F",nande:;·lop<2 ./ al. . p. 396 [typ<. Zigzagi"rm to",,,,i Sturani. 1967 ; OD] Megazitzagicera, Fen=de:;·lOp<2 8< p. via. gm. nOVo [typ<. Megazitzagicera, "m., rabi, um Fernanda·lop<z 8< P.via. gm. et sp. nov.; OD] omorphus Buckman, 1926 Buckman, in 1909 Buckman, -1930 fig. 9 only, not figs 4-8, 10-12).
Later, Beznosov described Pmnchi" qucll5tedti (Sibirjal ova; in Beznosov and Mitta 1993, p. 112 ) on the basis of five specimens (I specimen figured in Beznosov and Mitta 1993, pI. 13 , fig. I Emi/ei" qucll5tcdti (Sibirjalova)), so that the species p, qucn,tedti is subsumed in the n"" name Pr"nchi" ,ibirj"""""c, with holotypt designated by Sibir jalova (1%1, pI. 6, fig. 2) . Therefore, the 'Upp"r Batho- (1967, pI. 16, fig. 5 ) is refigured in Figure 5E -F. The paratype PU31691 [M] figured by Sturani (1967, pI. IS, fi g. 2) is refigured in Figure 5A -C. Figure 6D , from Bas Auran, and PU11231S [m], figured in Figure 5D , magnified in Figure 7A , from level BAll in Sturani (1967) (U/D generally surpass stages), macro-and microDescription. Adult shells of small to medium size, from micro conchs surpassing 40 mm of diameter ( Fig. 5D ) to adult macro conchs reaching 260 mm (Fig. 4) . No specimens are known possessing complete body ch amber, but umbilical suture sur passes 360 degrees in the macro conch holotype and 210 degrees in the incomplete, microconch topotype (Fig. 7 A) . Evolute coil ing, with values of umbilical ratio ranging from 49 to 42 per cent, decreases in successive stages of ontogenic development ( Fig. S) , except by egression of umbilical seam in adult body chamber ( Fig. 4B ). Whorls vary in section from low-oval to sub circular and high-oval contour, with convex fl anks ( Fig. 9A-D ) . Zigzag-state 2 developed in phragmocone, with sigmoid, sharp ribs of variable spacing (Figs 5C, 7 A). Ulterior ornamentation to zigzag-state consists of relatively coarse, straight to slightly sinu ous, rounded ribs. Primary ribs usually bifurcate, with additional free intercalatories that pass over the venter radially or mth a gentle forward inclination. There are about 10-22 primaries per half whorl. Generally, secondary ribs are not interrupted on the middle of the venter (Figs 4A, SF) nor displaced on both sides of a narrow smooth band as in Bigotites. Nevertheless, associated mth the zigzag-stadium, a very shallow, narrow and ephemeral smooth band has been occasionally observed on ventral ribs ( Fig. SA; as indicated by Sturani 1967, p. 53) . At maturity, ribs become sparser and blunter on upper fl anks, but do not fade out on the venter. Shallow, broad and prorsiradiate constrictions are present; there is one or two every half a whorl at the outer whorls of the holotype. Suture line relatively simple, with sus pensive lobe not strongly retracted (Figs SE, 7 A).
Occurrence. Franchia arkelli has been identified in the lower
Macrescens Subzone in Bas Auran area and at the top of the Parvum Subzone (Protozigzagiceras Biohorizon) in La Palud. It is an endemic species of the Submediterranean Province, in Subalpine areas of the northern border of the western Tethys, phyletically derived from Protozigzagiceras. Remarks. Franchia arkeIli Sturani, the type species of the genus, is the most similar representative. F. subalpina, however, shows stouter whorls and more involute coiling. These two species are chronostratigraphically coincident at the basal Macrescens Subzone, but F. subalpina persist into younger intervals, whereas F. arkelli occurs at the top of the precedent Parvum Subzone.
Occurrence. The syntypes of F. subalpina correspond to the Macrescens Subzone of the Bas Auran area. It is an endemic spe cies of the Submediterranean Province, in Subalpine areas near the Provence-Ardeche platform system, in the northern border of the western Tethys, phyletically derived from F. arkelli.
Genus PROTOZIGZAGICERAS Fernandez-Lopez et al. 2007
Type species. Zigzagiceras torrensi (Sturani 1967, p. 47 Level BA9 of the 'Marno-calcaires a Cancellophycus' Formation in Bas Auran area (Sturani 1967 ) and level RA024 of Ravin d'Auran Section (Pavia et al. 2008) , indicated in Figure 2 . Sturani (1967, p. 48, pI. 20, fig. 4 ) non Arkell (1958 Arkell ( in 1951 Arkell ( -1958 , fig. 6a-b Pavia et al. (2008) and level BAll in Sturani (1967) , Ravin des Robins Section, Bas Auran; for magnified view, see Figure 7 A. E-F, incomplete phragmocone of macroconch; paratype, specimen PU31690, level BAl in Sturani (1967) , Le Touert Section, Chaudon. All specimens from the Macrescens Subzone, Zigzag Zone. Black asterisk marks the last septum of the phragmocone. Scale bars represent 10 mm. (Sturani, 1967) and level RA024 of Ravin d'Auran Section (Pavia et al. 2008) , indicated in Figure 2 .
Type locality. Bas Auran, Alpes de Haute Provence, south-east France.
Material. Eleven specimens from the Macrescens Subzone of Bas Auran area have been studied. Six specimens from level BA9 in Sturani (1967) Sturani (1967, pI. 21 , fig. 7a-b ) and refigured here in Figure 11 , and PU3ll72S [M] collected by Sturani in 1972 and figured by Torrens (1987, pI. 9 , fig. 3a-b) . One specimen from level BA8 or BA9 collected by Sturani in 1972, PU31720 [M] , and figured in Figure 12 . One specimen from level BA9 or BA10 collected by Sturani (1967) , PU311711 [M] , and figured by Tor rens (1987, pI. 8, fig. 2a-b) . One specimen from level BAll in Sturani (1967) Diagnosis. Protozigzagiceras, planorbicones to discocones of moderately evolute to involute coiling, with straight to slightly concave, rounded and blunt, generally bifurcate ribs.
Description. Adult shells of small to medium size, from incom plete micro conchs reaching 70 mm diameter ( Fig. lOG-H) to macroconchs reaching 2S0 mm in diameter. Moderately evolute coiling, with values of umbilical ratio ranging from 49 to 41 per cent, decreasing insuccessive stages of ontogenic development (Fig. 13B) . Whorls vary in section from low-oval to subcircular and high-oval, with convex flanks (Fig. 14A-D) . Zigzag-state 2 developed in the inner whorls, composed of proradiate to subra diate, sigmoid ribs of greater strength upflank and variable spac ing; and, finally, occasional, sharp parabolic ribs of variable spacing (Fig. IOD) . Ulterior ornamentation consists of straight to slightly concave, rounded and blunt, generally bifurcate ribs that cross the venter with a gentle forward inclination. Simple primaries and intercalatories occur. There are about 19-26 primaries per half whorl. Generally, secondary ribs not inter rupted on the middle of the venter. Shallow and prorsiradiate constrictions present exceptionally (Fig. lOB, J) . Relatively com plex suture line, with relatively short lateral lobe (Fig. 15) .
Remarks. According to Sturani (1967) , z. torrensi is the micro conch counterpart of Procerozigzag postpollubrum garmen, and Zigzagiceras postpollubrum appears to be the end member of a wide chronospecies in which the
• .
• # (Fig. 4) ; B, paratype, PU31690 [M] (Fig. SE-F) ; C, topotype, PU11132S [M] (Fig. 6D) maximum size of full-grown specimens reaches 250 mm. In Bas Auran (Sturani 1967, pI. 22, fig. 1; Torrens 1987, pI. 8, figs 3-5) , Protozigzagiceras postpollubrum (Wetzel 1937, p. 107, pI. 11, fig. 3a-b) comprises involute disco cones with a very narrow and deep umbilicus «2 4 per cent in adults), and with an earlier fade of primaries and secondaries at 80 and 120 mm, respectively, at the top of the Macrescens Subzone (level BA7 in Sturani and level RA019 in Pavia et al. 2008) . Zigzagiceras torrensi variecostatum Sturani (1967, p. 48, pI. 20, fig. 2a-b [holotype] , pI. 2, fig. 5 ; pI. 13, fig. 4a,c; pI. 19, fig. 5 ) was based on four specimens from the beds succeeding that yielding the holotype of P. torrensi (BA8 and BA7). They show the zigzag-stage more densely ribbed and proportionally shorter, ending at 10 mm. On account of their biochronostratigraphical and morphological differences, this subspecies was regarded as transitional between typical Zigzagiceras and typical Siemiradzkia. However, the holotype is lost (H. Torrens, pers. comm.) , the paratypes are fragmentary inner whorls, and new specimens similar to the holotype are unknown at present. Figure 16E -G from level BA12 in Sturani (1967) 
Measurements. See Fernandez-Lopez and Pavia (2013).
Diagnosis. Protozigzagiceras, slim planorbicones of moder ately evolute to moderately involute coiling, with straight, rounded and blunt, generally bifurcate ribs.
Description. Fully septate, discoid shells of small to medium size, from microconchs reaching 50 mm diameter ( Fig. 16E-G) to pre sumed macroconchs surpassing 60 mm ( Fig. 16H-I) . Moderately evolute coiling, with values of umbilical ratio ranging from 49 to 39 per cent, decreases in successive stages of ontogenic develop ment (Fig. 13B) . Whorls vary in section from low-oval to subcir cular and high-oval, with convex fl anks ( Fig. 14E-H developed in the inner whorls, up to 25 mm in diameter, with proradiate to subradiate, sharp sigmoid ribs of greater strength upflank and variable spacing; and, later, numerous, slightly convex, rounded and blunt, sub radiate primary ribs with occasional parabolic ribs. In the last whorl, there are flexuous, rounded and blunt, subradiate primary ribs, generally bifurcate (Nil2 = 21). Simple primaries and intercalatories occur. Secondary ribs cross the venter with a gentle forward inclination. Two shallow and prorsiradiate constrictions, diametrally opposite, are present in the last preserved whorl. Relatively complex suture line.
The paratype is an incomplete phragmocone of amacroconch ( Fig. l7E-F Remarks. Protozigzagiceras flexum is close to P. tethycum, in its moderately evolute coiling, but differs in the more depressed whorl section and the flexuous ribs with forward inclination on the ventral region, instead straight ribs crossing the venter radially .
Zigzagites Sturani (1967, p. 48, pI. 20 , fig. 4 ) non Arkell (1958 Arkell ( in 195 1 -1958 , fig. 6a-b) , from the upper Macrescens Subzone, Zig zag Zone, and Procerites imitator Buckman [M] in Sturani (1967, p. 48, pI. 15, fig. 5 ) and Torrens (1987, pI. 7 ) from the Aurigerus Zone, also display zigzag-state 2, but the phragmocone is more plan orb iconic and of larger adult size. However, they could be counterpart dimorphs and paedomorphic taxa originated from a more involute and depressed species such as P. flexum during the Macrescens Subzone. Analogously, Wa gnericeras could be a paedo morphic genus originating from this group of flexicostate zigzagiceratins during the Macrescens Subzone, taking into account of the relatively evolute specimen identified by Torrens (1987, p. 46, pI. 20 , fig. 1 Fig. IOT-J) ; B, topotype, PU31681 [M] (Fig. IOE-F) ; C, topo type, PU3l682 [m] (Fig. IOK-M) ; D, holotype, PU3l676 [M] (Fig. lOA-D) . E-H, Protozigzagiceras tethycum sp. nov.; E, paratype, PU3l694 [M] (Fig. l6H-I) ; F, paratype, PUl11299 [m] (Fig. l6E-G) ; G, paratype, PU l 11574 [m] (Fig. l6J-L) ; H, holotype, PU3l695
[m] (Fig. l6A-D) . Scale bar represents 10 mm. Diagnosis. Protozigzagiceras, planorbicones to disco cones of moderately involute coiling, with straight to slightly sinuous, rounded and blunt, bifurcate and polyfurcate ribs.
Description. The holotype is a fully septate phragmocone of mi croconch ( Fig. l8A-D fig. 11 ). That Portuguese specimen is more planorbiconic and older than the holotype of P. densum, but it can represent a plesiomorph of the same phyletic lineage. 
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Remarks. The holotype is the internal mould of a frag mentary phragmocone and incomplete body chamber of probable micro conch, reaching 80 mm and expected to surpass 100 mm in diameter (Fig. 19) . Although it dis plays possible signs of maturity, such as egressive coiling and flattening of the body chamber, crowding of the last sutures is missing and so it probably represents a preadult individual.
Megazigzagiceras subarabicum differs from other Teth yan zigzagiceratins in having greater adult size, with sub radiate, blunt, sigmoid ribs and relatively simple suture line. The holotype shows more depressed whorls and more evolute coiling than the known species of Franchia (Fig. 8) .
Occurrence. The holotype comes from top of unit D3 and mid dle part of the Dhruma Formation, Lower Bathonian (Enay et al. 1987, fig. 2, and Mangold 1994 and Mangold , 1996 .
Megazigzagiceras subarabicum is interpreted here as an ende mic species of the Ethiopian Province, of outer marine environ ments near the northern margin of the shallow Arabian Platform, in the southern border of the central Tethys, derived from P. tethycum probably belonging to the latest Parvum and/ or Macrescens subzones.
PALAEOBIOGEOGRAPHICAL AND EVOLUTIONARY IMPLICATIONS
Zigzagiceratinae evolved from Leptosphinctinae m wes tern Tethys and entered the eastern Pacific (Westermann 1993) . Earliest Bathonian genera of Zigzagiceratinae spread to become in almost subrealms of the Tethys-Pan thalassa Realm, but restricted in their palaeogeographical distribution to areas of only one hemisphere (Fig. 20) .
are character istic taxa of the Mediterranean-Caucasian Subrealm (Buckman 1892 (Buckman , 1909 (Buckman -1930 Thalmann 1925; Arkell et al. 1957; Westermann 1958; Hahn 1969 Hahn , 1972 Krystyn 1972; Dietl 1977; Sandoval 1983; Schlegelmilch 1985; Seyed-Em ami et al. 1985; Mangold 1994; Galacz 1995; Dietze and Chandler 1996; Page 1996; Mangold and Rioult 1997; Wierzbowski et al. 1999; Fernandez-Lopez 2000; Schlogl et al. 2005; Dietze and Dietl 2006; Zaton 2011) . On the
Ear l y Bathonian
.� .� .� Co) co . 8J ..c:: N N N co Co) .8 co .� Frebold and Tipper 1973; Callomon 1984; von Hillebrandt et al. 1992a, b; Poulton et al. 1992; Sey et al. 1992 Sey et al. , 2004 Zakharov et al. 1996; Sey and Kalacheva 2000; Evenchick et al. 2010 (Arkell et al. 1957; Arkell 1958 Arkell in 1951 Arkell -1958 Sturani 1967; Hahn 1969; Mangold 1971; Galacz 1980; Callomon in Donovan et al. 1981; Sandoval 1983 Stephanov (1972) , this dimorphic group can be included among the youngest Leptosphinctinae (Westermann 1956 (Westermann , 1958 Luppov and Druzschic 1958; Beznosov and Mikhail ova 1981; Beznosov 1982; Torrens 1987; Innocenti et al. 1990; Beznosov and Mitta 1993 , 1995 , 1998 Fernandez Lopez et al. 2006 (Fig. 21) . The holotype of P. phaulomorphus Buckman (1926 Buckman ( in 1909 Buckman ( -1930 , TA-VI, pI. 643) lacks a zigzag-stadium, but is a very small adult (D = 56 mm), and the possible occurrence of parabolae in this taxonomic group needs further investigation.
Protozigzagiceras fig. 11 ), through Alpine Ocean, Subalpine Basin and Tizia (Sturani 1967, pI. 13, fig. 4, pI. 15, fig. 1, pI. 19, fig. 5, pI. 21, figs 1, 3, 7 , pI. 22, fig. 1 ; Galacz 1980, pI. 32; Sandoval 1983, pI. 35, fig. 3; Torrens 1987, pI. 8, figs 2-5; Schlogl et al. 2005 , pI. 10, figs 4, 5, pI. 12, fig. 1 ; Fernandez-Lopez et al. 2007, figs 10, 12; Pavia et al. 2008, pI. 3, fi gs 6, 7, 9-12; Fernan dez-Lopez et al. 2009a, fi g. 6b) , to the Iranian platform system (Shafizadeh and Seyed-Emami 2005, figs 10, 11; Shams and Seyed-Emami 2010 fig. 6a-b) and Zigzagiceras pseudoprocerum Buckman [M] (1926 in 1909 -1930 Sturani (1967, p. 48, pI. 20, fig. 4 ) non Arkell (1958 Arkell ( in 1951 Arkell ( -1958 , fig. 6a-b (Fig. 21) . The phyletic position of these two large-sized genera and the above-mentioned Chilean zigzagiceratins, however, still requires further investigation.
In summary, rapid proterogenesis gave rise to the earli est Bathonian zigzagiceratin lineages, producing paedo morphic members, commonly neotenic and more scarcely progenetic (Fig. 21) . In contrast, the successive species of Protozigzagiceras (from P. tethycum to P. torrensi and P. postpollubrum) and Franchia (from F. arkelli to F. sub alpina) show trends towards increasing involution of ini tially evolute planorbicones to more weakly ornamented discocones in the Bas Auran area. Other species of Proto zigzagiceras, such as P. densum and P. flexum, show relatively complex suture line and novel structures (poly furcate and flexuous ribs, respectively) in preadult onto genic stages later developed in the adult phragmocone of Zigzagiceras, Zigzagites and Wa gnericeras. A chronocline towards the more involute Zigzagiceras zigzag [m & M] has been recorded in Catalan Basin at the Macrescens Subwne (Fernandez-Lopez 2000, fig. 2, pI. 1, fig. 9 ). In turn, plesiomorphic representatives, older and more plan orbiconic than P. densum, have been recorded in the uppermost Parvum Subzone of Cap Mondego. Therefore, most of the earliest Bathonian phyletic lineages of the clade Zigzagiceratinae developed lasting peramorphoclines with increasing hydrodynamic coiling of the shell and increasing adult size (at least, in the microconchs), in an opposite sense to the previous, rapid, paedomorphic changes.
In conclusion, the ancestor of the clade Zigzagiceratinae can be found in the genus Procerites, rapidly diversifi ed in multiple phyletic lineages by iterative, paedomorphic changes and additional, lasting, peramorphic modifications during the Early Bathonian Zigzag Zone. The Mediterra nean-Caucasian genera Franchia, Zigzagiceras, Zigzagites and Wag nericeras are phyletically derived of successive spe cies of Protozigzagiceras, which is itself a direct derivative of Procerites. This evolutionary pattern produced numerous and brief phyletic lineages with common homeomor phisms. These new palaeontological results concerning the oldest Zigzagiceratinae are of biochronostratigraphical importance for calibration of the basal Bathonian and cor relation of the Bathonian GSSP. 
